In the production of apple juice, the by-products such as the peel, bark and seeds remain biologically active substances and a good source of dietary fibre. The aim of our study is to incorporate apple by-product flour (ABF) into cereal crispbreads and to determine the total dietary fibre (TDF) content, the colour and the structural changes after addition of ABF to cereal based extrudates. Hot air drying was applied for the preparation of ABF from apple pomace. For the development of new products, a laboratory single-screw extruder GÖTTFERT 1 L series (Germany) was used. An extrusion screw (compression ratio 2:1) at a speed of 60-80 rpm and a rectangular die (aperture: 20 mm wide, 1.0 mm high, 100 mm long) were also used. The basic ingredients for extruded crispbreads were wheat flour, rice flour, wheat bran, rye flour, oat flour with addition of ABF in different proportions (5%, 10%, 15%).The content of total dietary fibre (TDF) was determined according to the AOAC -AACC method No.985.29 by FOSS Analytical Fibertec E 1023 system. Density, textural properties and colour was also determined. The obtained results showed an increase of TDF from 9.39 to 15.89 g 100g -1 in wheat crispbreads with AB and from 15.8 to19.89 g 100g -1 in rye crispbreads with ABF, hardness of products with ABF was from 17.2-21.7 N and density from 0.24-0.35g cm -3 , moisture of final product was 3.89-4.24±0. 01%. The main purpose of the current research was to determine the effect of ABF addition to cereal crispbread content, of the TDF and the textural properties.
Introduction
Apple processing in the food industry results in a significant number of by-products such as the peel, mark, bark, and seeds which are still rich in bioactive compounds promoting health benefits. The high amount of dietary fibre could permit the use of them in developing new natural ingredients for the food industry (Figuerola & Mar, 2005) . Apple wastes are good sources of fibre with a well-balanced proportion between soluble and insoluble fraction (Eskicioglu et al., 2015) . The apple pomace have 51.10 g100 g -1 DM of total dietary fibre, of which 14.60 g 100 g -1 DM is soluble and 36.50 g100 g -1 DM is insoluble dietary fibre (Olfe et al., 2003) . Comparable to whole grain oat that contains the highest amounts of soluble fibre (6-8 g/100 g) among all cereal grains (Rodehutscord et al., 2016) . The apple peel may be used in the formulation of functional foods and beverages (Henrı, Almonacid, Lutz, Simpson, & Valdenegro, 2013) . Extruded crispbreads are produced from cereals: rye, wheat, rice, maize, based on high starch content (Kaur et al., 2015 , Guine et al., 2013 . Grains are important energy sources providing much of the carbohydrates, some proteins, lipids, dietary fibre, and other micronutrients in many diets. Fruits , oats whole grain cereals, bran and rye are good source of dietary fibre β-glycan, cellulose, hemicellulose and lignin (Dreher, 2001) . Dietary fibre (DF) includes a mixture of plant carbohydrate polymers, both oligosaccharides and polysaccharides, e.g., cellulose, hemicelluloses, pectin substances, gums, resistant starch, inulin, that may be associated with lignin and other non-carbohydrate components (e.g., polyphenols, waxes, saponins, cutin, phytates, resistant protein) (Elleuch et al., 2011) . High DF diets prevent some diseases, such as diverticular and coronary heart diseases (Figuerola & Mar, 2005) . DF improves serum lipid concentrations, , improves blood glucose control in diabetes, lowers blood pressure and appears to improve immune function (Yde et al., 2011) . Dietary fibre intake should range from 20 to 35 grams per day or 10-13 g per 1000 kcal (Kohajdová et al., 2011) . The purpose of the study is to incorporate apple by-products in cereal based extrudates to obtain product with higher total dietary fibre content and to determine how chemical composition of ABF and TDF influence the physical properties of the final product.
Materials and methods
The study was realized at the scientific laboratories of the Faculty of Food Technology at the Latvia University of Agriculture. For development of crispbreads we used wheat flour, rice flour obtained from rice grains by grinding, 2365 type wheat bran, rye flour and oat flour, water. Experimental samples were prepared with addition of apple by-product powder 5%, 10%, and 15 % to dry ingredients. . Peak force (N), number of peaks, and initial gradient (N mm -1 ) of the force-deformation curve was recorded and used to calculate hardness, crispiness of the products. An average of 10 samples was used to determine these properties.
Piece density of extrudates was determined by using a sand displacement method. Piece density was defined as the ratio of the sample mass of the sample to its volume to include internal pores but exclude the void or space between the extrudates and was measured by filling a container of known volume with the product. The procedure was repeated five times for each set of samples. Colour changes of product samples in the colour system CIE L*a*b* were determined by means of the Colour Tec -PCMTM equipment according to ISO 11664-4: 2011 Results were expressed in SIE L*a*b*system as tri-stimulus values (L* lightness, a* greenness/redness, b* blueness and yellowness. Measures for each sample were done in 10 replications. Total color difference (Δ E) was determined using the equation described by Garau et al. (2007) . The analysis of the experimental data was done in accordance with mathematical statistical methods used MS Excel 2007 software.
Results and Discussion
Determination of TDF and textural properties of samples Textural and functional properties are the main decisive factor for acceptability of a snack food in the market. The incorporation of fibre in the extruded crispbreads generally results in changes of the nutrient profile (moisture and water activity) and physical properties (structure and texture) of the final extruded products (Brennan et al., 2008a) . Thermal and mechanical treatment can reduce total dietary fibre (TDF). By incorporating 5 to 15% ABF, the TDF content of extruded products increased from 9.39 to 15.89 g 100 g -1 in crispbreads from wheat -rice flour and ABF addition, from 15.8 to 19.8 g 100 g -1 in rye crispbreads with ABF. Fibre is usually used as a bulking agent, to provide nutritional attributes and to modify the texture of extruded products. Fruit fibre has better quality due to higher total and soluble fibre content, water and oil holding capacity and colonic fermentability, as well as lower caloric value (Figuerola & Mar, 2005 , Dreher, 2001 . The purity of the fibres has a direct influence on the expansion characteristics. Fibre usage is often limited by its effect on product expansion. The addition of oat and rice fibre normally reduces expansion characteristics (Huber, 2001) . Fibre, cellulose, bran and fruit-derived pectin may be blended with cereal grain or protein blends to make healthful snacks. Fibre and proteins may each be added at 20% levels to expanded snack formulations. Higher levels can be added when more soluble fibres and proteins are used. Low levels of low-molecular weight starches also counter the effects of fibre and protein additions. Extrusion-reacted fibre or bran yields softer-textured snacks when high levels of fibre are desired (Huber, 2001) . Apples are rich in components that influenced the extrusion process and final product. The textural characteristics of samples with ABF are given in Figure 1 and Table 3 . The toughness of the extruded products is highly dependent on its moisture and density. Starch structure is distorted at high temperatures leading to a harder product. ABF extrudates were crisper compared to cereal based extrudates that is a harder product. The 5-15% ABF incorporated products showed light in weight with piece density ranging from 0.15 to 0.17 g cm -3
. Correlation between TDF and ABF addition is r=0.71.
Typical commercial low-density puffed snacks prepared by conventional steam extrusion have a density in the range of 0.02-0.7 g cm -3 and the ABF-based extrudates fall well within this range, indicating the potential of incorporating of ABF into crispbreads without impairing their textural qualities. Compared to cereal-alone extrudates, in ABF incorporated extrudates, bulk density increased from 0.15 to 0.17 g cm -3 .
Figure 1: Hardness of extruded samples with ABF addition S1, -control samples, S1.2-5% ABF, S1.2-10% ABF, S1.2-15% ABF S2 -control samples, S2.2-5% ABF, S2.2-10% ABF, S2.2-15% ABF Source: Author
As apples contain sugar, they can alter the taste and texture of products, but the resulting material may also be very sticky. Apple pomace incorporation affected the hardness and crispiness of the products. Protein, fibre, fat and sugar present in them acts as diluents (Henr et al., 2010) . This contradicted the typical inverse relationship between TDF and hardness; an increase in TDF generally decreases the hardness of extrudate though the addition of ABF increased hardness in comparison with both control samples. For control, sample S1 hardness was 17.2±0,8N and the addition of 5% of ABF increased hardness to 18.1 N, more addition decreased hardness to 15.3N. T. The most light and crispy products were with the addition of 15 % ABF. The correlation between TDF and hardness of extrudates is r=0.47, and r=0.04 between density and hardness of extruded samples. Some authors reported that the addition of pomace or fibre reduced radial expansion of starch-based extrudates. The pulp that is added to the flour mix has soluble sugars and fibres that absorb moisture which further influenced the density, Hsieh et al. (1989) has also suggested that presence of insoluble fibre reduces the elasticity and plasticity of dough. However, there is still a dearth of information and knowledge on how the different ingredients (for instance sugars and dietary fibres) affect the rheological properties of the extrudates (Altan et al., 2008 , O'Shea et al., 2012 . Colour Colour is an important quality factor related to consumer acceptability. The addition of reducing sugars can have a detrimental effect on available lysine and browning can occur (Bhattacharya, 1981) . The addition of ABF did not cause significant colour change, indicating the absence of the browning reaction in final extrudates even though the feed formulation of pomace contained a considerable amount of soluble sugars. Colour changes were analyzed for samples with ABF addition. Total colour difference ΔE*= ((L0*-L*) 2 + (a0*-a*) 2 + (b0*-b*) 2 )
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The results showed significant differences between all samples with ABF addition and control samples (3.64< ΔE*<4.94). The differences between samples of ABF from 5 % to 15 % were not significant (ΔE*=0.82, 0.85, 0.66 and 0.73). Extrusion of ABF additionally decreased the lightness of samples, colour saturation (L*) and hue did not show a clear trend. Some authors also reported a darkened colour of the extrudates due to Maillard browning during extrusion which also can cause the colour change , Nayak et al., 2011 , Jain et al., 2013 .
Conclusion
Results show that ABF from apple processing could be considered as an alternative dietary fibre in extruded cereal products. Utilization of apple pomace offers opportunity to produce extruded foods with functional properties. Apple by-products can increase the level of TDF of the new product. Extrusion is possible with 1 screw extruder at the temperature 78/83/98 º C.
